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Recipes for Change: Lamb tagine with Moroccan Truffles (Terfass) 
 
Summary statement for selected ingredient terfass 
 
The main climate risks to truffle availability in the highlands of eastern Morocco are: (i) increased prevalence of 
drought due to decreased levels of rainfall and increased rainfall variability and (ii) increased average and extreme 
temperatures. It is also noted that the combined effect of these two main climate impacts could further accelerate the 
desertification process already observed in the region. The particular response of pastoral systems to these climatic 
stresses is uncertain, yet it appears unlikely that current pressures of overgrazing in the region would be lessened. 
 
The key adaptation measure for managing the foreseen impacts of climate change within the region relates to 
improved livestock management practices. In addition to this, regardless of possible future changes in climate 
stressors, the inherent vulnerability of pastoral livelihoods in the region indicates that adaptation measures which 
incorporate income generation and diversification are of key importance. 
 
In light of the literature review conducted, CCAFS validates the climate threats and solutions highlighted in the IFAD 
statements below: 
 
IFAD-identified climate threats to terfass: 
 Desertification & drought 
 Prolonged hot and cold weather 
 Overgrazing 
 
ASAP solutions: 
 Diversification of crops & income generation 
 Livestock management for soil regeneration 
 Promotion of water-efficient horticulture systems 
Climate risks and responses in Morocco 
 
Truffles are hypogeous fungi, meaning they form fruit bodies below the ground level. Truffles are also mycorrhizal, 
meaning they form mutually beneficial associations with the roots of plants. The so-called desert truffle is part of a 
family of the Terfeziaceae (Terfass – common name in Morocco) family, mainly referring to the species Terfezia and 
Tirmania (Khabar, 2014). The geographic distribution of these is generally limited to arid and semi-arid land, 
principally in regions near the Mediterranean basin (Varma, 2008). In these arid regions ecosystem productivity is 
generally low (Laity, 2009). Low is also the availability of natural and cultivated nutrient sources (Harris and 
Mohammed, 2003). A hardy and nutritious species such as the desert truffle is therefore a highly valued product. The 
status of the truffle as a traditional medicine and its fine taste further add to its high market value (Zambonelli et al., 
2014). 
 
The challenging environmental conditions of the eastern highland region of Morocco are typical of a dryland 
ecosystem. Levels of rainfall are low (as little as 200 mm per annum in low lying regions, up to 600 mm per annum in 
mountainous areas (McGregor, 2009), with considerable variability and periods of prolonged drought. Consequently, 
cultivated land is marginal and pastoralism is the dominant land use activity. Poor management and overgrazing of the 
inherently fragile pastoral lands have led to significant degradation of soils. Soil nutrient resources are of primary 
importance to mycorrhizal communities such as desert truffles (Read, 1991). Thus, disruption of the host ecosystem 
 4 
and degradation of the supporting soils represent the most direct threats to truffle crops in the region (ibid.). Local 
climate also affects soil development and so it could have a major impact on determining the type of mycorrhizal 
community formed and conseqeuntly the truffle crop. 
Climate risks to desert truffles 
 
As shown in Figure 1 below, annual temperatures are likely to increase across the region in future years (IPCC, 2013). 
In addition to changes in annual averages, extreme temperatures (including heat waves) are also expected to increase 
in frequency and magnitude (ibid.).  
 
Figure 1: Projected change in average annual temperature relative to 1986–2005 period (IPCC, 2013) 
 
 
As shown in Figure 2 below, notable decreases (20-40%) in annual levels of precipitation in the North African region 
are foreseen under higher global warming scenarios. This continues the trend over the last few decades in the 
northern regions of Africa where a significant decrease in the amount of winter and early spring rains has been 
observed (Barkhordarian et al., 2013). 
 
Figure 2: Projected change in annual precipitation by end of century relative to 1986–2005 (RCP8.5) (IPCC, 2013)1 
 
                                                 
1 This map represents the 50th percentile of the distribution of the multi model ensemble. Hatching denotes areas where the 20-year mean 
differences of the percentiles are less than the standard deviation of model-estimated present-day natural variability of 20-year mean differences. 
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Figure 3 below shows the global pattern of projected low precipitation extremes - signified by the change in annual 
consecutive dry days (CCD) under a high warming scenario. The figure indicates North Africa as being one of the 
regions experiencing the greatest increase in CCD globally. 
 
Figure 3: Change in annual consecutive dry days (CCD) by end of century relative to 1985-2000 (IPCC, 2013). 
 
 
 
 
On a global scale, climatic effects on soil development (mainly through moisture availability) have a major impact on 
determining the type of mycorrhizal community formed. However, the particular changes in climate and consequent 
biophysical impacts will be mediated by the features on a local scale. Changes in the quality of soil nutrient resources 
are of primary importance to mycorrhizal communities, and these are more strongly linked with local factors and 
disturbances than with changes in climate. It is therefore complicated to anticipate how particular climatic impacts 
will affect a single species of dryland fungi or the host species (mainly of the genus Helianthemum in this case). Few 
studies were found which address this species and region within the available literature. However, this does not 
preclude the fact that North Africa is a region showing some of the most robust and pronounced changes amongst 
models of future climate (Niang et al., 2013). Within the limited set of relevant literature, one recent study of truffle 
species in the Algerian Sahara desert has identified levels of autumnal rain as the critical determinant of crop 
productivity (Bradai et al., 2014). 
Adaptation to climate hazards 
 
Desert truffles are not cultivated in the sense that they require inputs and management. Therefore, typical agricultural 
adaptation response measures such as enhanced farming practices and improved cultivars do not apply. Instead, 
adaptation measures targeting livestock can indirectly benefit desert truffle collection by reducing the rate of soil 
degradation, thus preserving areas suitable for truffle growth. Measures relating to animal stock and their impact on 
soils primarily include modifying the rotation and rest period of pasture land and altering stock routings and distances 
(IFAD, 2009a). Furthermore, water availability has been highlighted above as a key concern in the region, both 
currently and increasingly so under future climate change. Therefore, improved management of water resources by 
targeted application of irrigation, rainwater storage and harvest technologies will also be appropriate for reducing this 
pressure. 
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Strategies for coping with a variety of stressors in vulnerable regions may provide a source of knowledge and practice 
which could further be developed into planned adaptation measures. These strategies may originally arise 
spontaneously to cope with the prevailing environmental shock. Typically these include diversification of livelihoods, 
migration, food storage and rationing, communal pooling of resources, market responses, and informal financial 
arrangements (savings, loans, credit societies, and systems of mutual support) (Olsson et al., 2014). Diversification of 
livelihoods through migration to urban centres and participating in activities such as tourism have already been 
observed in the region and are expected to remain an important part of income expansion (Breuer, 2007; Kuhn, 2010). 
 
Mitigation 
 
The low intensity of ecosystem productivity in arid regions implies a limited potential for the release and therefore 
mitigation of emissions. Cultivation of land in arid regions such as in the east of Morocco is not common. And so the 
biological and physical processes involved in cultivation, and the associated disruption of soil organic carbon and 
emissions from inputs, are of limited concern. Instead, pastoralism is the main agricultural practice in the region, and 
links with mitigation would therefore be more readily found in livestock management practices. Improved livestock 
management practices include establishing rotation or rest periods and the coordination of restoration efforts (IFAD, 
2009b). 
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